Introduction {#Sec1}
============

Chronic ischemic mitral regurgitation (IMR) is associated with a markedly worse prognosis after myocardial infarction (MI). IMR is associated with left ventricular (LV, both regional and global) remodeling and mitral valve dysfunction. Mitral regurgitation is more likely to occur after posteroinferior than anterolateral MI \[[@CR1], [@CR2]\].

Restrictive mitral valve annuloplasty is currently recommended in surgical treatment of patients with IMR. However, IMR often persists or recurs after this procedure. It has been indicated that the posterior mitral leaflet angle ≥45° may be an accurate predictor of persistent or recurrent mitral regurgitation. Moreover, the posterior mitral leaflet angle ≥45° can be associated with a poor clinical outcome over a 3-year follow up \[[@CR3]\].

This study was undertaken to establish the relationship between anterior and posterior mitral leaflet angle values, the LV remodeling and severity of ischaemic mitral regurgitation.

Materials and methods {#Sec2}
=====================

Study group {#Sec3}
-----------

The study included 42 patients (36 M, 6 F; mean age: 63.5 ± 9.7 years) with previous (\>6 months) MI (see Table [1](#Tab1){ref-type="table"} for MI localization) with chronic IMR (regurgitant volume, RV \> 20 ml by CMR). Twenty-five patients (59.5%) had previous revascularization procedures (PCI---17, CABG---7; 1 patient had PCI followed by CABG; the revascularization procedures were performed 7 to 62 months before the study).Table 1The demographic data of study group of patientsNumber of patients42Age (years)63.5 ± 9.7Male/female36/6Anterior infarction14 (33.3%)Inferior infarction17 (40.5%)Other localization of MI (antero-inferior, antero-lateral, infero-lateral)11 (26.2%)RevascularizationCABG7 (16.7%)PCI17 (40.5%)CABG and PCI1 (2.3%)Hypertension34 (80.9%)Systolic blood pressure (mmHg)128 ± 15Diastolic blood pressure (mmHg)78 ± 8Diabetes10 (23.8%)BMI26 ± 3.3Hyperlipidaemia39 (92.9%)Smoking31 (73.8%)NYHA class III-IV18 (28.5%)CCS III-IV11 (26.2%)*BMI* Body mass index, *CABG* Coronary artery by-pass grafting, *CCS class* Classification of the Canadian Cardiovascular Society, *MI* Myocardial infarction, *NYHA class* New York Heart Association class, *PCI* Percutaneous coronary intervention

The patients with prior MV repair procedures were excluded from the study group.

The demographic data are shown in Table [1](#Tab1){ref-type="table"}.

All subjects underwent transthoracic echocardiography (TTE) and cardiac magnetic resonance (CMR) imaging within the period of ≤5 days. On TTE, 24 patients had asymmetric tethering of mitral valve leaflets and the remaining 18 had symmetric tethering. The exclusion criteria were as follows: prior MV repair procedures, concomitant organic mitral valve disease, significant aortic stenosis and/or aortic regurgitation, hemodynamic instability, unstable angina, cardiac arrhythmias causing precluding ECG-gated CMR acquisition, and conventional contraindications to CMR \[[@CR4]\]. Patients after surgical revascularization with the use of vascular clips or stent-assisted coronary angioplasty were not excluded from CMR studies.

The Ethics Committee of our Institution has approved the protocol, and all patients signed a written consent to be part of the study.

### TTE {#Sec4}

The patients underwent a complete two-dimensional echocardiographic and Doppler study. Echocardiographic studies were performed using Vivid 7 GE Dimension device with a 2.0--3.7 MHz transducer. Echocardiographic measurements were obtained in compliance with the guidelines of the American Society of Echocardiography \[[@CR5]\]. The measurements were averaged over 3 cardiac cycles.

### CMR {#Sec5}

CMR examinations was performed using the 6-elements body phased---array "sandwich type" coil (1.5 T MR device---Magnetom Sonata Maestro Class, Siemens, Germany). CMR examination included localizers sequences and the sequences to assess of LV function and aortic flow, which are necessary to mitral regurgitant volume evaluation. Images were acquired in standard two-chamber, three-chamber and four-chamber long-axis view. The localizers sequences consisted of static sequences on breath-hold (TrueFISP) and cine localizers sequences on breath-hold ECG gated (TrueFISP). The short-axis series from LV base to apex of cine MRI loops was also performed for volumetric and function analysis of LV (cine TrueFISP, slice thickness 8 mm, FOV ≥ 300 × 300 mm^2^,TR ≥ 25 ms, TE ≥ 1 ms, 9--13 s for every slice). Aortic flow was assessed using velocity encoded contrast-phase imaging and segmented cine FLASH-2D (slice thickness 5 mm, FOV ≥ 200 × 250 mm^2^, TR ≥ 28 ms, TE ≥ 3.2 ms). Both through plane sequences were planned on the level 2--5 mm above aortic valve plane (isocentric localization). Individual prediction of aortic peak velocity was evaluated every time (about 170--200 cm/s). LV volumetric and function analysis was performed by manual outlining of the endocardial borders at end-diastole and end-systole at all levels with derivation of end-diastolic volume (LVEDV), end-systolic volume (LVESV), stroke volume (SV), ejection fraction (EF) using the commercially available software---Argus Platform, Siemens Medical Systems. Mitral regurgitation volume was measured by subtracting the aortic flow, derived form contrast-phase imaging, from the SV. The mitral deformation indices were obtained using cine three-chamber view images \[[@CR6]--[@CR8]\].

Evaluated parameters {#Sec6}
--------------------

Anterior and posterior mitral leaflet angles were determined by TTE and CMR in the 4-chamber view in mid-systole. The AML and PML angles were measured directly between the mitral leaflets and mitral annulus plane \[[@CR3]\] as shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1The measurement of anterior mitral leaflet angle (AMLA)---23.9 degree (**a**) and posterior mitral leaflet angle (PMLA)---45.5 degree (**b**) by echocardiography. Four-chamber view

CMR was used to evaluate (1) the*mitral deformation indices* including coaptation height (CH), tenting area (TA), mitral annulus diameters in systole and diastole (MADs and MADd), mitral annular area in systole and diastole (MAAs and MAAd), left atrial volume (LAV) and (2)*left ventricular remodeling parameters* including left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic volume (LVESV), left ventricular end-diastolic volume (LVEDV), stroke volume (SV), ejection fraction (EF), sphericity index (SI), wall motion score index (WMSI). Figures [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}.Fig. 2The measurement of sphericity index (SI)---0.63 by CMRFig. 3The measurement of tenting area (TA)---3.58 cm^2^ by CMR

Because mitral annular area reaches maximum in late-diastole and to minimum in mid-systole, the parameters related to mitral annular geometry were measured in late-diastole and mid-systole \[[@CR9]\].

*IMR was assessed quantitatively by* (1) TTE---the proximal isovelocity surface area (PISA) method---RV and effective regurgitant orifice (ERO) were calculated, (Fig. [4](#Fig4){ref-type="fig"}) and vena contracta width (VCW), and (2) CMR---by subtracting left ventricle stroke volume and aortic flow on velocity encoded imaging \[[@CR10]\].Fig. 4**a**, **b**. Severe mitral regurgitation---the quantitative assessment by echocardiography using PISA (Proximal Isovelocity Surface Area) method. Regurgitant volume (RV)---36.6 ml. Effective regurgitant orifice (ERO)---0.30 cm^2^

Statistical analysis {#Sec7}
====================

Statistical analysis was performed using SPSS software (version 11.5). Numerical data are expressed as mean ± standard deviation. The correlation between anterior and posterior mitral leaflet angles and LV remodeling, mitral deformation and severity of IMR parameters was assessed using Pearson's test.

Intraobserver and interobserver variability for measurement of the echocardiographic and CMR parameters was determined for two independent observers, using Cohen's correlation coefficient method. Differences were considered significant at *P* \< 0.05.

Results {#Sec8}
=======

On TTE the mean value of anterior and posterior mitral leaflet angle was 25.41 ± 4.28 and 38.37 ± 8.89°. By CMR the mean values of anterior and posterior mitral leaflet angle were 25.74 ± 3.09 and 38.94 ± 6.32 degree, respectively.

Five patients (11.9%) had posterior mitral leaflet angle exceeding 45°.

There was a strong correlation between echocardiography and CMR for assessing AML (*r* = 0.77; *P* = 0.001 and PML (*r* = 0.83; *P* = 0.001).

The IMR severity parameters were as follows: ERO 0.16 ± 0.12 cm^2^, RV 26.37 ± 14.59 ml, RF 0.38 ± 0.24, VCW 0.61 ± 0.80 cm.Mitral deformation indices including coaptation height (CH) and tenting area (TA) were 1.49 ± 0.41 cm and 3.95 ± 1.64 cm^2^.

By CMR, the RV was 20.01 ± 13.48 ml and RF 0.23 ± 0.12. There was a significant correlation between TTE and CMR for assessing RV (*r* = 0.688, *P* = 0.001) and RF (*r* = 0.539, *P* = 0.001) and also for CH (*r* = 0.606, *P* \< 0.001) and TA (*r* = 0.676, *P* \< 0.001).

Mean values of CMR data are presented in Table [2](#Tab2){ref-type="table"}.Table 2The CMR parameters expressed as mean ± SD, minimum and maximum valuesMean ± SDMinimumMaximumCoaptation height (cm)1.37 ± 0.460.742.76Tenting area (cm^2^)3.39 ± 1.381.456.03Mitral annular area syst. (cm^2^)10.70 ± 2.945.6917.98Mitral annular area diast. (cm^2^)12.28 ± 2.907.4519.66MADs ant-post (cm)3.14 ± 0.591.84.24MADs sept-lat (cm)3.49 ± 0.542.54.58MADs ant-inf (cm)3.85 ± 0.552.95MADs mean (cm)3.49 ± 0.502.44.41MADd ant-post (cm)3.53 ± 0.612.24.6MADd sept-lat (cm)3.76 ± 0.492.754.91MADd ant-inf (cm)4.11 ± 0.523.25.1MADd mean (cm)3.80 ± 0.482.874.77Sphericity index (SI)0.56 ± 0.090.380.77RV (ml)20.01 ± 13.480.9363.24RF0.23 ± 0.120.010.6LVEDDI3.51 ± 0.572.325.2LVESDI4.53 ± 9.431.6157.73LVEDVI138.76 ± 50.9665.68304.34LVESVI91.91 ± 48.9621.46243.71SVI46.80 ± 9.1933.0965.82SV (ml)85.76 ± 18.7053129EF36.54 ± 13.461967.3LAV (ml)73.61 ± 34.2227.86192.25WMSI tot2.11 ± 0.501.122.88*EF* Ejection fraction, *LAV* Left atrial volume, *LVEDDI* Left ventricular end-diastolic diameter index, *LVEDVI* Left ventricular end-diastolic volume index, *LVESDI* Left ventricular end-systolic diameter index, *LVESVI* Left ventricular end-systolic volume index, *MADd ant*-*inf* Mitral annular diameter in diastole -d - (infero-anterior), *MADd ant*-*post* Mitral annular diameter in diastole -d -(antero-posterior), *MADdsept*-*lat* Mitral annular diameter in diastole -d - (septo-lateral), *MADs ant*-*inf* Mitral annular diameter in systole -s - (infero-anterior), *MADs ant*-*post* Mitral annular diameter in systole -s - (antero-posterior), *MADssept*-*lat* Mitral annular diameter in systole -s - (septo-lateral), *RF* Regurgitant fraction, *RV* Regurgitant volume, *SV* Stroke volume, *SVI* Stroke volume index, *WMSI tot* Wall motion score index (total)

For all studied subjects (RV \> 20 ml), there was a good correlation between anterior mitral leaflet angle and RV (*r* = 0.74, *P* = 0.01). This correlation was stronger (*r* = 0.97, *P* = 0.005) in patients with a more severe MR (RV \> 30 ml). In addition, in this group of patients, there was a significant correlation between the RV and posterior mitral leaflet angle (*r* = 0.90, *P* = 0.037), between tenting area and posterior mitral leaflet angle (*r* = 0.90, *P* = 0.04), between tenting area and anterior mitral leaflet angle (*r* = 0.82, *P* = 0.08). There was also a weak but significant correlation between PML angle and MADs ant-post (mitral annulus diameter (antero-posterior) in systole (*r* = 0.34, *P* = 0.039) (Table [3](#Tab3){ref-type="table"}). Besides, there was a correlation between PML angle and LAV (*r* = 0.41, *P* = 0.012).Table 3The correlation between anterior and posterior mitral leaflet angle values and indices of LV remodeling, mitral apparatus deformation and IMR severityAnalyzed parametersP*r*AML angle/Regurgitant volume (RV \> 20 ml)0.010.74AML angle/Regurgitant volume (RV \> 30 ml)0.0050.97PML angle/Regurgitant volume (RV \> 30 ml)0.0370.90PML angle/Tenting area (RV \> 30 ml)0.040.90AML angle/Tenting area (RV \> 30 ml)0.080.82PML angle/MADs ant-post0.0390.34PML angle/LVEDVI0.0310.35PML angle/LVESVI0.0210.37PML angle/SV0.030.35AML angle/WMSI tot0.0190.41PML angle/SI0.0410.33PML angle/LAV0.0120.41*AML* Anterior mitral leaflet, *IMR* Ischemic mitral regurgitation, *LAV* Left atrial volume, *LVEDVI* Left ventricular end-diastolic volume index, *LVESVI* Left ventricular end-systolic volume index, *MADs ant*-*post* Mitral annular diameter in systole -s - (antero-posterior), *PML* Posterior mitral leaflet, *RV* Regurgitant volume, *SI* Sphericity index, *SV* Stroke volume, *WMSI tot* Wall motion score index (total)

Among the parameters of LV remodeling, there was a significant correlation, for all the group of patients, between posterior mitral leaflet angle and LVEDV index (*r* = 0.35, *P* = 0.031), LVESV index (*r* = 0.37, *P* = 0.021), SV (*r* = 0.35, *P* = 0.03), SI (*r* = 0.33, *P* = 0.041). AML angle correlated only with WMSI (*r* = 0.41, *P* = 0.019).

Inter-observer and intra-observer variability tested by the Cohen's method showed a concordance of 94 and 95% for echocardiographic and 95 and 96% for CMR parameters.

Comment {#Sec9}
=======

We have found that, in patients with chronic ischaemic mitral regurgitation (IMR), the value of anterior and posterior mitral leaflet angle determined by echocardiography correlates with the parameters of mitral apparatus deformation and LV remodeling indices by TTE and CMR. We found that echocardiographic measurement of tenting area, coaptation height and the mitral leaflet angles are highly concordant with the CMR measurements. This is important as echocardiography remains the primary diagnostic tool in patients with IMR and the therapeutic decisions (including referral for surgery and the choice between repair vs. replacement) are usually made on the basis of a thourough echocardiogram while IMR remains a diagnostic and therapeutic challenge.

In particular, it is still not clear what patients and when (i.e., at what stage of IMR and on the basis of what particular parameters) should be referred for surgery \[[@CR11]\]. In the past, the decision was based on parameters such as the mitral regurgitant jet extent (colour Doppler), the colour flow jet area, jet length and width, the ratio of the jet area to the left atrial area, the intensity of the continuous wave Doppler signal, the pulmonary venous flow contour or the peak early mitral inflow velocity. Those parameters, however, have been shown to be insufficient in assessing the severity of IMR in the context of the need for surgery. More recently, the quantitative IMR assessment (effective regurgitant orifice, ERO, regurgitant volume, RV, and the vena contracta width, VCW) has been indicated as the method of choice for grading the severity of IMR \[[@CR12]--[@CR14]\]. Indeed, PISA and VCW show a much better correlation with angiographic grading of MR than the semi-quantitative methods \[[@CR14]--[@CR16]\]. An effective regurgitant orifice \>0.2 cm^2^ and regurgitant volume \>30 ml are associated with a poor long-term prognosis and thus those values indicate a severe IMR \[[@CR17], [@CR18]\].

There is a great interest in identifying new parameters of IMR severity. Kwan and colleagues \[[@CR19]\] indicated the posterior leaflet angle of \>47^o^ as the cut-off value discriminating between significant (≥moderate) and non-significant IMR (sensitivity of 96% and specificity of 84%). Magne and co-workers \[[@CR3]\] suggested that posterior leaflet angle ≥45° was related to a poor 3-years outcome in patients after mitral valve repair due to IMR. However, not only severe but also mild IMR is associated with an adverse prognosis due to the an additional hemodynamic load on the post-infarcted ventricle \[[@CR20]\].

The indications for mitral valve surgery in chronic IMR are not well defined. In most cases, in patients with severe IMR coronary bypass grafting alone is not sufficient to cure or even to reduce its degree \[[@CR21]\]. It is generally agreed that patients who have indications for coronary artery bypass grafting (CABG) with moderate-to-severe IMR (3 or 4 grade) should also undergo concomitant MV surgery \[[@CR22]--[@CR24]\]. However, it is controversial whether concomitant MV surgery should be performed in CABG patients with mild-to-moderate IMR (1 or 2 grade) \[[@CR22]\]. Malidi and co-workers \[[@CR25]\] compared, in patients treated by isolated CABG, the outcome between those with mild-to-moderate IMR versus those without IMR. They found a higher prevalence of heart failure symptoms and decreased cardiac event--free survival in IMR patients. In addition, 30% of patients progressed to 3 or 4 grade MR during a mean follow-up of 16 months. Those findings would suggest that MV surgery should be considered at the time of CABG even in patients with mild-to-moderate IMR, but the parameters on which the decision should be made remain to be defined---particularly since in moderate IMR the clinical utility of mitral valve repair remains unproven \[[@CR11], [@CR26], [@CR27]\]. In particular, the risk of long-term MR and heart failure progression must be balanced against the increased perioperative risk of the additional MV procedure \[[@CR25]\]. Borg and coworkers \[[@CR22]\] recommend that patients with mild-to-moderate IMR and multiple comorbidities, or a life expectancy of less than 5 years, should undergo CABG only.

The most common surgical procedure currently performed for chronic IMR is restrictive mitral annuloplasty \[[@CR28], [@CR29]\]. However, mitral valve replacement remains a reasonable surgical option in subgroups of patients with IMR, predominantly because of its reliability and reproducibility. Mitral valve replacement should be considered for patients with chronic IMR and multiple comorbidities, complex regurgitant jets (non-central jet or several jets), or severe tethering of both MV leaflets \[[@CR29], [@CR30]\]. Calafiore and coworkers \[[@CR29]\] recommend MV replacement when the distance between the coaptation point of the leaflets and the plane of the mitral annulus (coaptation height) exceeds 1.0 cm.

Recurrent IMR despite surgical annuloplasty is related to leaflet tethering by progressive left ventricular remodeling \[[@CR30]--[@CR33]\]. Among the pre-operative echocardiographic parameters, obtained by transthoracic approach, the most important in predicting persistent or recurrent MR after annuloplasty are tenting area 2.5 cm^2^, coaptation height 1.0 cm, central jet of MR, complex regurgitant jets, restrictive diastolic filling profile, severe enlargement of the left ventricle and posterior mitral leaflet angle value ≥45° \[[@CR21], [@CR34]\]. In a study of 51 patients subjected to mitral valve repair, those with posterior mitral leaflet angle value ≥45° had significantly lower 3-year event-free survival (22 ± 17% vs. 76 ± 12%, *P* \< 0.001) \[[@CR3]\].

We showed that the posterior mitral leaflet angle value highly correlated with regurgitant volume and tenting area (*r* = 0.90, *r* = 0.90, respectively). However, our findings also suggest that it may be important to evaluate the anterior mitral leaflet angle, especially in the group of patients with a more severe MR (RV \> 30 ml). In those patients, we found a strong correlation between the anterior mitral leaflet angle and regurgitant volume or tenting area (*r* = 0.97, *r* = 0.82 respectively). Thus our current findings and those of Magne and colleagues \[[@CR3]\] indicate that the consideration of the anterior leaflet angle in combination with the other indices of mitral valve morphology may be useful to guide the operative strategy. In our study group, the five patients (11.9%) with the posterior mitral leaflet angle value \>45° were referred to mitral valve replacement with chordal sparing.

Limitations {#Sec10}
===========

The present study was based on 2D echocardiography while 3D echo can provide more precise geometric information on the mitral apparatus deformation and left ventricular remodeling. However, in a majority of cardiovascular centers today, the 2D echo remains the most common imaging modality in patients with IMR. Importantly, our measurements of mitral leaflet angles by 2D echo were correlated not only with the echocardiographic but also CMR parameters of mitral apparatus deformation and LV remodeling.

In our study, the assessment of IMR was done at rest. Recent work by Lancellotti and colleagues \[[@CR35]\] shows that chronic IMR is dynamic during exercise, and that an increase in ERO ≥ 13 mm^2^ on exercise can identify the subgroup of patients at a higher risk of cardiac events. Thus it is likely that evaluation of IMR on exercise will need to be considered in the decision-making algorithms in patients with chronic IMR.

Conclusion {#Sec11}
==========

In patients with ischemic mitral regurgitation, we have shown that the values of both the anterior and posterior mitral leaflet angle determined by echocardiography correlate with the severity of IMR, mitral apparatus deformation and LV remodeling indices by CMR. This indicates that measurement of anterior and posterior mitral leaflet angles may play an important role in evaluating patients with IMR.

A further large, multi-center study will determine the usefulness of anterior and posterior mitral leaflet angles as parameters in decision-making in this challenging group of patients.
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